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Introduction: It has been known that CNO and their isotopic abundances are useful 
probes of the mixing in evolved stars. It is, however, by no means clear yet if the observed 
results could be consistent with the predictions of the stellar evolution models. Here, we 
concentrate on oxygen-rich giants, possibly experienced the first and second dredges-up, 
but may not be disturbed by the further processes such as the third dredge-up. For this 
purpose, we extend our previous analyses on CO spectra in M giant stars to including 
isotopic ratios, and we also hope to reexamine the carbon abundances. 

The Basic Stellar Parameters: We selected 23 red giant stars, for which the 
effective temperatures are determined by the use of the infrared flux method and the 
bolometric luminosities by the integration of the SEDs. With the Hipparcos parallaxes, 
absolute bolometric magnitudes are determined. The error bars of M^ \ are based on 
those of the parallaxes, but errors in photometric data and in T e ff (about ±0.1 mag and 
±100 K, respectively) are not included. Our sample is shown on the HR diagram and 
compared with the evolutionary tracks by Claret (2004) in Fig. 1 . Unfortunately, nearly 
half of our sample cannot be accounted for by the models of Claret, and we had to 
extrapolate the evolutionary tracks to estimate stellar masses given in Table 1. 
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Figure 1. Our sample on the HR diagram and the evolutionary tracks by Claret (2004). 



Method of Analysis: We use the high resolution spectra observed with the KPNO 
FTS, and measured EWs of isolated lines of 12 C 16 0, 13 C 16 0, and 12 C 17 in the if-band 
region. We applied a line-by-line analysis on these EWs with the use of the spherically 
extended ID model photospheres. In our analysis, the micro-turbulent velocity £ m ; c is 
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determined so that the abundances of 12 C 16 from individual lines show the least de- 
pendence on the EWs. The resulting £ m i c is used to determine abundances of 13 C 16 
and 12 C 17 as well. Some examples are shown in Fig. 2. 
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Figure 2. Line-by-line analysis on 12 C 16 0, 13 C 1B 0, and 12 C 17 in a Her, S 2 Lyr, and r 4 Eri 

Results: The isotopic ratios based on the 12 C 16 0, 13 C 16 0, and 12 C 17 abundances 
are given in Table 1. The results are further confirmed by a direct comparison of the 
observed spectra with the synthetic spectra in the regions of the 13 C 16 (2-0) bandhead 
and 12 C 17 (2-0) R 18 — 33 lines. Also, we applied the spectral synthesis method to 

Table 1. Isotopic Ratios and Basic Stellar Parameters in 23 Red Giant Stars 
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References: a) Smith & Lambert (1990), b) Harris & Lambert (1984), c) Harris et al.(1985) 
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estimate 16 0/ 17 for the case in which 12 C 17 lines are too weak to measure EWs 
accurately, and the results are given without error bars in Table 1. For a few stars, our 
results appear to be consistent with the results by other authors (Harris & Lambert 1984, 
Harris, Lambert & Smith 1985, Smith & Lambert 1990) in general, as shown in Table 1. 

16 0/ 17 Ratio: The resulting 16 0/ 17 ratios plotted against the stellar masses are 
compared with the predicted ones by Claret (2004)| (solid lines) in Fig. 3a. The rather 
large variation of 16 0/ 17 in low mass stars is well consistent with the prediction of 



the evolutionary models, confirming the previous analysis by Dearborn (1992) using the 
observed data known at that time. In the higher mass stars, however, some objects have 
quite low 16 0/ 17 ratios and cannot be consistent with the predicted trend. 
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Figure 3. a) Observed and predicted 16 0/ lr O ratios, b) The same for 12 C/ 13 C ratios 

12 C/ 13 C Ratio: We confirm in Fig. 3b that 12 C/ 13 C ratios are mostly around 10. The 
contradiction with the evolutionary models, which predict 12 C/ 13 C« 20 (solid lines), 
has been a long-standing puzzle. This dilemma may be resolved by assuming a deep 
circulation below the bottom of the convective zone, referred to as cool bottom processing 
(Boothroyd & Sackmann 1999), and its prediction is also plotted in Fig. 3b (dashed line). 
Our result, however, suggests that the extra mixing may not resolve yet the 12 C/ 13 C 
puzzle, even if we make allowance for uncertainties in stellar masses. 

Concluding Remarks: We also planned to redetermine C abundances, which showed 
somewhat different results from the CO 1st (Tsuji 1986) and 2nd (Tsuji 1991) overtone 
bands, and details on this issue will be discussed elsewhere. Despite such a problem, 
the isotopic ratios can be determined more accurately than the elemental abundances. 
For this reason, isotopic ratios can be useful probes of evolutionary models and mixing 
processes in cool evolved stars. The observed and predicted isotopic ratios, however, are 
still by no means consistent (Fig. 3). Introduction of an extra-mixing may be needed, but 
it is vital to pursue a better theory of convection that may comprehend more efficient 
mixing. 
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